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Background:  Anatomical  total  shoulder  arthroplasty  (TSA)  for glenohumeral  osteoarthritis  (OA)  and
severe  posterior  glenoid  wear  may  entail  early  postoperative  complications  (recurrence  of posterior  sub-
luxation,  glenoid  loosening).  To  avoid  these  mechanical  problems,  reverse  shoulder  arthroplasty  (RSA)
has recently  been  proposed,  mainly  for  its  intrinsic  stability.  Our  purpose  was  to present  the  results  of
TSA and  RSA  in  glenohumeral  OA  with  posterior  glenoid  wear  of  at least  20◦.
Hypothesis:  By virtue  of  its  constrained  design,  RSA  could  prevent  recurrence  of posterior  subluxation
and  limit  the occurrence  of  mechanical  complications.
Materials and  methods:  A consecutive  series  of  23  patients  (27 shoulders)  were  treated  for  glenohumeral
OA  with  total  shoulder  prostheses:  19  TSAs  and  8  RSAs.  Mean  age  was  70 years  (range,  47–85 years),
mean  retroversion  angle  28◦ (20◦–50◦)  and  mean  subluxation  index  74% (57–89%). Constant  Score,  Sub-
jective  Shoulder  Value  (SSV),  QuickDASH  and  Simple  Shoulder  Test  (SST) were  measured,  and  radiological
examinations  were  performed  at a mean  follow-up  of  52  months  (24–95  months).
Results:  TSA  and  RSA  patients  respectively  displayed  Constant  Scores  of 65  and 65, SSV  of  79%  and  74%,
QuickDASH  of 16  and 27,  and SST  of  88  and 78.  Two  patients  underwent  surgical  revision  of  TSA because
of  glenoid  loosening;  52%  of TSA  patients  presented  complete  radiolucent  lines  and 11%  recurrence  of
posterior  subluxation.
Conclusion: Complications  are  frequently  observed  after  shoulder  arthroplasty  for  OA  with severe  glenoid
retroversion.  RSA  could  be  an alternative  to  TSA  for selected  patients,  independently  of  rotator  cuff  status.
Studies  on RSA  in  this  speciﬁc  indication  with longer  follow-up  are  now  needed.
Level of evidence:  Level  IV; retrospective  case  series.
©  2014  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Some patients suffering from glenohumeral osteoarthritis (OA)
resent asymmetric glenoid wear associated with retroversion and
osterior glenohumeral subluxation [1–5].
Hemiarthroplasty and anatomical total shoulder arthroplasty
TSA) associated with various methods of posterior glenoid wear
orrection have been proposed for these particular cases [1,5–7].
owever, prosthetic shoulder replacements in these speciﬁc indi-
ations remain a challenge because of the high rate of early
ostoperative complications, such as recurrence of posterior gleno-
umeral instability, glenoid loosening or bone graft necrosis
1,4,5,8–10]. Levine et al. reported that, in case of excentric
∗ Corresponding author at: University Hospital Center and University of Lausanne,
venue Pierre Decker 4, 1011 Lausanne, Switzerland. Tel.: +41 21 314 93 60.
E-mail address: alain.farron@chuv.ch (A. Farron).
http://dx.doi.org/10.1016/j.otsr.2014.06.002
877-0568/© 2014 Elsevier Masson SAS. All rights reserved.posterior glenoid wear, only 63% of patients had satisfactory
results with hemiarthroplasty [11]. In 2003, Iannotti and Norris
showed that total shoulder arthroplasty provided better results
than hemiarthroplasty for treating glenohumeral OA associated
with posterior glenoid wear and posterior subluxation of the
humeral head [1].
Clinical data are sparse concerning the degree of glenoid retro-
version requiring correction for shoulder prosthesis [12–15]. In
a numerical study, we  showed that retroversion exceeding 10◦
should be corrected to avoid excentric loading of the glenoid
and implant loosening [13]. Anterior reaming of the glenoid
has been proposed to obtain neutral version. However, in cases
of severe retroversion, this technique may reduce bone stock
and lead to glenoid vault infraction by screw insertion or to
fracture [1,12]. In a cadaver study, Clavert et al. showed that
retroversion should not exceed 15◦ to be safely corrected by ante-
rior reaming, and recommended considering bone grafting if it
did [12].
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One TSA patient presented a bone-cement fragment that had
migrated into the glenohumeral joint, without any clinical conse-04 N. Gallusser, A. Farron / Orthopaedics & Traum
Bone grafting can restore both bone stock and glenoid version
n shoulders with structural defects. Nevertheless, this option is
echnically demanding, particularly due to the limited area avail-
ble for ﬁxation of the graft onto the scapula and glenoid neck
3,16,17]. In 2012, Walch et al. showed that, while TSA with cor-
ection of retroversion by anterior reaming or bone grafting is a
atisfactory therapeutic strategy, it is burdened with a high rate of
omplications [5]; the revision rate was 16% and the rate of glenoid
oosening was 21% at 6 years’ follow-up. Reaming the subchondral
one, which is the strongest area for implant ﬁxation, is therefore
n imperfect compromise, as is correction of retroversion by bone
rafting, which is burdened with its own complications [16–18].
n a recent study, Sabesan et al. reported good early and medium-
erm clinical results of shoulder arthroplasty associated to bone
rafting for severe posterior glenoid wear. At a mean follow-up of
3 months, 10 of the 12 patients displayed bone graft incorporation
ithout any sign of lysis, with only minor bone graft resorption in
; however, the other 2 patients needed revision surgery due to
ailure of ﬁxation and of graft incorporation [19].
Mizuno and the Walch team very recently reported excellent
linical outcome with RSA for glenohumeral OA in patients pre-
enting biconcave glenoids without rotator cuff insufﬁciency. [20].
he constrained design of the RSA prosthesis provides better pri-
ary stability than TSA. Accordingly, we hypothesized that the
iomechanical properties offered by RSA, by preventing recurrence
f subluxation, could minimize early postoperative complications
hen used in cases of glenohumeral OA associated with severe
lenoid retroversion and posterior subluxation.
The purpose of this study was therefore to present the results of
SA and TSA in a consecutive series of patients with glenohumeral
A and retroversion of at least 20◦. We analyzed patient satisfac-
ion, functional clinical results and radiological ﬁndings, and the
ccurrence of postoperative complications.
. Materials and methods
.1. Series
We  analyzed a consecutive series, from 2005 to 2011, of 23
atients (27 shoulders) who underwent total shoulder arthro-
lasty for degenerative glenohumeral OA associated with posterior
lenoid wear of at least 20◦, performed by a single surgeon (A.F.).
etroversion was  measured on preoperative CT or MRI  according
o the 2D technique described by Friedman et al. [21]. The subluxa-
ion index was measured relative to the scapular plane [22]. Mean
atient age was 70 years (range, 47–85 years).
Prior to 2007, anatomic TSA was employed systematically. To
void the early complications associated with this procedure, such
s recurrence of subluxation, the reverse implant was  then grad-
ally introduced in this indication, especially for elderly patients.
he series was thus divided into two groups according to implant
rocedure. The series was consecutive, not randomized, and the
wo groups analyzed were not comparable, especially regarding
umber of patients, mean age and length of follow-up.
Group A included 19 TSAs performed via a delto-pectoral
pproach using the Aequalis Anatomic Prosthesis (Tornier, Edina,
N). All implants were cemented and a convex keeled polyethylene
lenoid component was used. None of the cases involved full-
hickness rotator cuff tear. Retroversion was corrected either by
nterior reaming (14 cases) or by bone grafting (harvested from the
umeral head) ﬁxed with 2.7 mm diameter screws (5 cases). It was
lanned preoperatively on CT or MRI  scan and controlled peropera-
ively using the scapular axis as reference. Correction aimed at a 0◦
etroversion angle. Mean patient age was 66 years (range, 47–79),
etroversion angle 27◦ (range, 20–37) and subluxation index 71%gy: Surgery & Research 100 (2014) 503–508
(range, 57–85). All patients were reviewed at a mean follow-up of
57 months (range, 24–95).
Group B included 8 RSAs performed via a delto-pectoral
approach using the Aequalis Reversed prosthesis (Tornier, Edina,
MN). All humeral stems were cemented and all glenoid plates
(standard baseplate with a 15-mm-long central peg) were ﬁxed
by four 4.5 mm  diameter screws. None of the cases involved
full-thickness rotator cuff tear. The supraspinatus tendons were
resected in all cases, while the other three rotator cuff tendons were
conserved. Retroversion was  corrected either by anterior ream-
ing (6 cases) or bone grafting (2 cases) and was  planned as in
group A. Mean age was 79 years (range, 73–85), retroversion angle
31◦ (range, 20–50) and subluxation index 79% (range, 70–89). All
patients were reviewed at a mean follow-up of 43 months (range,
24–69).
Details of the series are presented in Tables 1 and 2.
2.2. Method
For the purpose of the study, all patients underwent thorough
clinical evaluation. Values for Constant Score, SST, QuickDASH and
SSV were calculated and plain X-rays of the shoulder were ana-
lyzed (AP, axillary and Neer views). The appearance of radiolucent
lines at bone-cement interfaces or obvious implant loosening was
recorded, as well as signs of any recurrence of posterior sublux-
ation/dislocation or necrosis of the bone graft. Radiolucent lines
were graded according to the system proposed by Franklin [23].
The occurrence of any other complications was  also noted.
This study was  approved by the local ethics committee.
3. Results
Detailed results are presented in Tables 3 and 4.
3.1. Satisfaction
For TSA and RSA respectively, mean SST score was  88 (range,
58–100) and 78 (42–100), QuickDASH 16 (0–39) and 27 (0–59),
and SSV 79% (50–95) and 74% (40–100).
3.2. Functional results
For TSA and RSA respectively, mean Constant score was 65
(range, 53–77) and 65 (49–70).
Mean range of motion was respectively 129◦ (100–140◦) and
130◦ (120–140◦) in forward elevation, 125◦ (90–150◦) and 125◦
(120–140◦) in abduction, 35◦ (20–50◦) and 18◦ (0–30◦) in external
rotation, and L3 (range, L5–D12) and L3 (range, sacrum–D12) in
internal rotation after.
3.3. Radiology results
At last follow-up, 10 of the 19 TSA patients (52%) had a radi-
olucent line of grade 3 (complete around keel and ≤ 2 mm wide)
according to Franklin’s scale [23], 4 of grade 2 (incomplete at keel)
and 1 of grade 1 (at superior and/or inferior ﬂange). One  RSA patient
had a grade-1 scapular notch. Neither radiolucent lines nor scapular
notching had any clinical consequences.quences.
Two TSA patients (11%) presented recurrence of posterior gleno-
humeral subluxation (Figs. 1–4), leading in 1 case to glenoid
loosening.
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Table  1
Group A. Patients treated with total shoulder arthroplasty (TSA) using an anatomical implant.
Case Patient Age (years) Intervention Follow-up (months) Retroversion (◦) Subluxation index (%)
1 K. Re left 62 TSA + anterior reaming 95 20 72
2  L.L. left 71 TSA + anterior reaming 85 30 73
3  M.O. 47 TSA + bone graft 84 25 74
4  H.A. 58 TSA + anterior reaming 72 20 61
5  S.L. 74 TSA + anterior reaming 69 37 74
6  R.R. right 65 TSA + anterior reaming 68 33 72
7  B.R. 64 TSA + bone graft 60 30 70
8  B.M. 71 TSA + anterior reaming 57 20 57
9  K. Re. right 66 TSA + anterior reaming 49 25 81
10  P.G. 75 TSA + anterior reaming 47 24 65
11  B.C.-L. 65 TSA + anterior reaming 42 20 70
12  Z.G. 61 TSA + bone graft 28 35 85
13  G.J. 77 TSA + anterior reaming 23 29 76
14  M.E. 69 TSA + anterior reaming 47 22 64
15  K. Ru 75 TSA + anterior reaming 24 20 65
16  M.J. 62 TSA + anterior reaming 31 26 68
17  W.G. 61 TSA + bone graft 55 31 72
18  R.R. right 65 TSA + bone graft 62 30 75
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R19  G.S. right 79 TSA + anterior reaming 
.4. Complications
Two TSA patients (11%) suffered complications that required
evision surgery. The ﬁrst (retroversion corrected by anterior
eaming) presented recurrence of posterior subluxation 6 weeks
fter surgery and complete dislocation with glenoid loosening
t 3 months. This was revised by RSA, with good ﬁnal outcome.
he second case (retroversion corrected by bone grafting) pre-
ented septic necrosis of the bone graft with screw breakage.
houlder aspiration detected Propionibacterium acnes. The revi-
ion procedure comprised debridement and removal of all implants
nd cement, followed by implantation of a cement spacer with
ntibiotics. Evolution was satisfactory over 3 years and the patient
efused reimplantation of an RSA.
. DiscussionThe present study presents functional results and mechanical
omplications following TSA and RSA in a consecutive series of
atients suffering glenohumeral OA with glenoid retroversion of
able 2
roup B. Patients treated with total shoulder arthroplasty using a reversed implant (RSA)
Case Patient Age (years) Intervention 
20 B.D. 78 RSA + anterior reaming 
21  C.Y. 82 RSA + anterior reaming 
22  L.L. right 73 RSA + anterior reaming 
23  M.R. 78 RSA + anterior reaming 
24  A.W. 74 RSA + bone graft 
25  S.Y. 85 RSA + anterior reaming 
26  S.U. 78 RSA + bone graft 
27  G.S. left 85 RSA + anterior reaming 
SA: reverse shoulder arthroplasty.82 33 81
at least 20◦. With both implants, functional results were good and
patients were generally satisﬁed with the outcome. Postoperative
Constant scores averaged 65 points in both TSA and RSA, which is
good for elderly patients. However, at a mean follow-up of only
4 years, half of the TSA patients presented complete radiolucent
glenoid lines, and 3 suffered recurrent posterior subluxation or
needed surgical revision.
These rates of glenoid loosening and revision after TSA for OA
associated with severe glenoid retroversion are slightly higher than
those previously published [10,24–27]. However, other reports
on TSA used in this speciﬁc indication also highlighted worry-
ing results. Indeed, one prospective study, by Iannotti and Norris,
analyzed the results of shoulder arthroplasties (hemi- and total
anatomic) performed for primary OA with signiﬁcant posterior
glenoid erosion or humeral head subluxation; with a follow-up
duration similar to that in our study, they reported rates of over 7%
for glenoid loosening and 5% for posterior subluxation [1]. Walch
et al., in their retrospective study, reported that more than 20%
of TSAs performed for OA with biconcave glenoid needed surgical
revision due to glenoid loosening [5].
.
Follow-up (months) Retroversion (◦) Subluxation index (%)
69 20 77
63 25 78
59 38 79
50 24 71
30 25 81
24 50 89
24 23 70
24 43 87
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Table 3
Results of TSA.
Case Patient SSV (%) QuickDASH SST Constant
Score
(points)
Flexion (◦) Abduction (◦) External
rotation (◦)
Internal
rotation (◦)
Radiology Complications
1 K. Re left 70 22.7 91.7 62 130 130 40 L1 Glenoid radiolucent
lines grade 3
–
2  L.L. left 80 2.3 100 69 120 120 20 L1 Glenoid radiolucent
lines grade 2
Posterior
subluxation
3  M.O. 95 22.7 75 68 130 130 30 L3 –
4  H.A. 60 25 100 66 140 140 40 L3 Glenoid radiolucent
lines grade 1
–
5  S.L. 60 38.6 58.3 64 130 135 50 L5 Glenoid radiolucent
lines grade 2
–
6  R.R. right 75 31.8 83.3 66 140 150 20 L1 Glenoid radiolucent
lines grade 3
–
7  B.R. 75 15.9 83.3 53 140 140 40 L3 Glenoid radiolucent
lines grade 2
Bone-cement
fragment
migration
8  B.M. 95 18.2 100 63 130 110 35 L5 Glenoid radiolucent
lines grade 3
–
9  K. Re right 80 13.6 91.7 62 100 90 40 L5 Glenoid radiolucent
lines grade 3
–
10  P.G. 50 11.4 91.7 69 140 150 30 L5 Glenoid radiolucent
lines grade 3
–
11  B.C.-.L 80 20.5 100 59 130 120 20 L1 Glenoid radiolucent
lines grade 3
–
12  Z.G. 80 11.4 91.7 70 100 90 30 L5 Bone graft
screw breakage
13  G.J. 95 18.2 91.7 67 140 140 45 L5 Glenoid radiolucent
lines grade 3
–
14  M.E. 95 4.5 91.7 77 130 130 25 D12 Glenoid radiolucent
lines grade 3
–
15  K. Ru 95 0 66.7 65 130 120 30 L3 Glenoid radiolucent
lines grade 3
–
16  M.J. 80 11.4 83.3 71 130 130 40 L3 Glenoid radiolucent
lines grade 3
–
17  W.G. 80 4.5 91.7 62 140 100 50 L3 Glenoid radiolucent
lines grade 2
–
18  R.R. right a a a a a a a a Septic glenoid
loosening
19  G.S. right a a a a a a a a Aseptic glenoid
loosening
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RSA: total shoulder arthroplasty; SSV: Subjective Shoulder Value; SST: Simple Shou
a Patient not reviewed (surgical revision).
Recurrence of posterior subluxation induces asymmetric load-
ng of the glenoid implant and certainly plays an important role in
he mechanisms of loosening and subsequent complications. Since
SA, by virtue of its constrained design, prevents such subluxa-
ion, we hypothesized that it would limit the occurrence of such
echanical complications.
able 4
esults of RSA.
Case Patient SSV (%) QuickDASH SST Constant
Score
(points)
Flexion (◦) Abd
20 B.D. 95 38.6 83.3 70 140 130
21  C.Y. 75 20.5 83.3 65 120 120
22  L.L. right 70 2.3 100 69 120 120
23  M.R. 50 45.5 41.7 49 130 125
24  A.W. 75 20.5 100 65 130 130
25  S.Y. 40 59.1 41.7 63 130 120
26  S.U. 90 0 100 70 130 120
27  G.S. left 100 27.3 75 71 140 140
SA: reverse shoulder arthroplasty; SSV: Subjective Shoulder Value; SST: Simple Shouldeest.
Short-term outcome in the present series of RSA was  excel-
lent. There were no dislocations as commonly reported with
these implants [28–30]. The remaining functional rotator, usually
not present in classical indications for RSA (cuff tear arthropa-
thy), could explain this ﬁnding. Concordantly, Mizuno et al.
also obtained excellent clinical outcome in their recent study
uction (◦) External
rotation (◦)
Internal
rotation (◦)
Radiology Complications
 30 D12 –
 20 S1 –
 30 L5 –
 10 L1 Notch (grade 1) –
 30 L3 –
 0 L3 –
 10 L1 –
 15 D12 –
r Test.
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Fig. 1. A–C. Primary glenohumeral osteoarthritis in a 71-year-old man  (case 2). AP, axillary and Neer views.
Fig. 2. Preoperative CT scan showing retroversion of 30◦ and a posterior subluxation
of 73%.
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Fig. 4. X-rays 2 years after total shoulder arthroplasty, showing recurrence of pos-ig. 3. X-rays 6 weeks after total shoulder arthroplasty. The humeral head is cen-
ered on the glenoid.
nalyzing the results of RSA performed in cases of OA with bicon-
ave glenoid without rotator cuff insufﬁciency [20]. Their results
fter a mean follow-up of 54 months conﬁrmed the hypothe-
is that the constrained design of RSA prevents recurrence ofterior subluxation.
posterior subluxation of the humeral component. They concluded
that RSA could be an option to solve the problem of both
severe static posterior glenohumeral instability and severe glenoid
erosion.
The present case series study had some drawbacks. It was
not randomized and the two groups analyzed were not compara-
ble, especially regarding number of patients, length of follow-up
and mean age. However, it does present the results of RSA and
TSA performed speciﬁcally for OA associated with severe retro-
version and posterior humeral head subluxation, in a consecutive
series of patients, performed by a single surgeon in a single
institution.
5. Conclusion
Based on our data, we suggest that RSA can be an alternative
to TSA in selected patients suffering from OA  with severe glenoid
retroversion and posterior humeral head subluxation with a func-
tional rotator cuff. Although these early results are encouraging,
prospective studies with longer follow-up are now required to for-
mally and precisely conﬁrm the group of patients likely to beneﬁt
most from RSA in this new indication.
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